In rats, dams that conceive in their postpartum oestrus and then lose their firstborn litter bias the sex ratio of the litter toward females in utero. The present study identifies the source of litter sex ratio bias in these postpartum pregnant non-lactating dams. The female bias arises first through the postconception loss of embryos, and second, the loss occurs in midpregnancy between the attachment of the blastocyst to the uterine wall on day 5 
Introduction
In mammals, a large proportion of the offspring conceived does not survive to birth. It has been estimated that 50-75% of human conceptions die prenatally (Roberts and Lowe, 1975;  Warburton, 1987) , the majority early in pregnancy, before the end of the embryonic period (Miller et al, 1980; Edmonds et al, 1982) . Non-human mammals also show high rates of prenatal loss. In cattle, 35% of recognized conceptuses die before the third month of gestation (Wathes 1992) , most during early embryogenesis (Diskin and Sreenan, 1980; Roche et al, 1981) . It has long been known that, after an otherwise fertile mating, one-third of mouse and rat ova do not produce young (MacDowell, 1924; Long and Evans, 1921) .
Individuals of one sex can be lost preferentially, thus biasing offspring sex ratio. Prenatal loss due to maternal social subordination or nutritional stress is greater for male than for female offspring in red deer (Kruuk et al., 1999) and hamsters (Pratt et ah, 1989) , but females are preferentially lost in coypus (Gosling, 1986) . While the theoretical framework for offspring sex ratio bias has long been clear (Trivers and Willard, 1973) , specific examples of bias in mammals proved elusive until the role of prenatal loss in effecting bias was clarified (Hornig and McClintock, 1994) . Any systematic bias of the sex ratio imposed after fertilization can be due only to prenatal loss since, after conception, a mother can neither add individuals to her litter nor change the sex of those present (MacDowell and Lord, 1926; Hornig and McClintock, 1994) . While preconception mechanisms of sex ratio biasing are also well documented in humans (Guerrero, 1974;  Harlap, 1979; James, 1980) and rodents (Hedricks and McClintock, 1990; Huck et ah, 1990; Hornig and McClintock, 1996) , they are distinct from the postconception mechanisms investigated here.
In rats, the sex ratio of the second litter of a dam can vary as a factor of the survival of the firstborn litter (Bacon and McClintock, 1994 (Parr, 1970) . A silk suture intrauterine device (IUD) mimics this contraceptive effect by eliciting mild inflammation (Smeak, 1990) (Fig. 5) . Moreover, in the IUD-induced unilateral litters, there was a linear relationship between midpregnancy loss and sex ratio: as the number of partial metrial glands increased, litter sex ratio became more biased toward females (Fig. 6a) . This relationship was not evident in bilateral pregnancies, in which any link between loss and sex ratio biasing in each horn of a bilateral litter was obscured at birth when the contents of the two horns mixed (Fig. 6b) .
Although midpregnancy loss was associated with litter sex ratio biasing, there were other opportunities to bias the sex ratio of litters conceived post partum through loss. Offspring were lost early, before metrial gland formation, and late, after the gland was fully formed. However, preattachment loss was so universal that its possible impact on litter sex ratio could not be determined. More than 90% of postpartum litters (28 of 30) lost embryos before attachment. In contrast, late post-attachment loss was so rare that it could be, at best, a weak biasing mechanism. Less than 7% of litters (2 of 30) lost fetuses after full metrial gland formation.
Correlates ofpartial metrial glands in postpartum oestrus conceptions
The risk of having partial metrial glands was more closely related to the number attaching in a horn than to the number attaching in a litter (Fig. 7a versus 7b) . Partial metrial glands agreement with other findings in rodents. Within-horn factors can account for much of the variation seen in fetal and placental growth in mice (McCarthy, 1967; Barr et ah, 1970) (1977) found that the weight of male, but not female, rat fetuses was inversely related to the number of individuals sharing a horn during pregnancy. In many mammals, males have higher prenatal and postnatal mortality rates than females. In golden hamsters, a mother under social stress (experiencing the associated decrease in serum progesterone) will lose males preferentially in utero (Pratt and Lisk, 1991) . In humans, most anatomically normal abortuses are male (Byrne and Warburton, 1987) and differential mortality is highest during the embryonic phase of pregnancy (Kellokumpu-Lehtinen and Pelliniemi, 1984) . Male infants are also less likely than females to survive premature delivery (Holtrop et ah, 1994) . In several species, including rats, mice and humans, an excess of males at birth (King, 1921; Ciocco, 1938) is gradually attenuated by higher male mortality until maturity (James, 1987) .
The reason why male mortality is higher is unknown. The lack of two X chromosomes may increase the chance that a male will fall victim to recessive lethals. There are also sex differences in developmental rate that could affect survival. Males grow more rapidly than females, and the differences are apparent by the blastocyst stage, well before sexual differentiation in mice and rats (Seller and Perkins-Cole, 1987; Burgoyne, 1993; Valdivia et ah, 1993) (Vorherr et ah, 1984) . This delay prolongs the period available for uterine involution, the healing process that repairs the scarred endometrium and prepares it for the next pregnancy.
In humans, a short interval between birth and an ensuing conception is associated with greater risk of prenatal mortality (Rawlings et ah, 1995) . The abbreviated postpartum recovery period in non-lactating dams may make early pregnancy more difficult for the developing embryo. In the present study, the shorter postpartum recovery period could be most injurious to those embryos (males) with the greatest need for maternal resources.
